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ABSTRACT

Systems and methods directed to calibration techniques for
infra red cameras are disclosed. For example, a method of
obtaining calibration infom1ation for an infrared device
includes providing a calibration target adapted to provide a
low-emissivity scene; pedorming a calibration operation on
the irrfrared device to obtain the calibration infom1ation; and
storing the calibration i1rfom1ation.
27 Claims, 10 Drawing Sheets
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CAUBRATION SYSTEMS AND METHODS
FOR INFRARED CAMERAS

ln accordance with another embodiment of the present
invention, a calibration test system includes an environmental
chamber; a target array, within the environmental chamber.
having a plurality of low-emissivity calibration targets; a
production rack, within the environmental chamber, adapted
to bold a plurality of infrdred devices adjacent to the target
array; and a computer system, outside of the environmental
chamber, adapted to control the infrared devices and the envi
ronmental chamber to generate calibration infonnation for
the ir1fmred devices.
The scope of the invention is defined by the claims, which
are incorporated into this section by reference. A more com
plete tmderstanding ofembodiments ofthe present invention
will be afforded to those skilled in the art, as well as a real
ization ofadditioual advantages U1ereof, by a considemtion or
the following detailed description of one or more embodi
ments. Reference will be made to the appended sheets of
drawings that will first be described briefly.

TECHNICAL FIELD
5

The present invention relates generally to infrared devices
and, more particularly, to systems and methods forcalibrating
infrared devices.

BACKGROUND
An infrared device (e.g., an infrared sensor or an infrared
camera having an infrared sensor, such as a micro bolometer
array) typically must be calibrated before it can produce an
accumte image or tbe scene being viewed. Without correc
tions based on calibration data, pixel non-unifom1ilies swamp
the image signal and the scene is typically tmrecognizable.
A conventional calibration process is generally performed
on an infrared camera core that is viewing a uniform-flux
scene provided by a high-emissivity w1i fonn blackbody, with
the infrared camera core including an infrared detector
(within a vacuum package assembly) along with associated
electronic components (to operate the infrared detector), a
heat sink, and a lens. This conventional calibration process is
performed within an environmental chamber over a range of
temperatures.
A drawback ofthis conventional calibration process is that
the time necessary to obtain the calibration data over the
required temperatures may be excessive, which results in
increased manufacturing costs and limits manufacturing
capability. Furthennore for this conventional calibration pro
cess, it may be difficult to adequately stabilize the tempera
tures of the infmred camera core and the blackbody, which
must be at the same temperature dLtring calibnllion data
acquisition for each desired temperature.
As a result, there is a need, for example, for improved
techniques for calibrating infrared devices.
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Systems and methods directed to irLfrared devices and cali
bration teclUiiques are disclosed. For example in accordance
with one or more embodiments of the present invention,
systems and methods for calibmtiug an infrared sensor are
disclosed, which may include generating calibration informa 45
tion (e.g., non-uuifonnity correction terms) and testing to
verify proper calibration. As a specific example in accordance
with au embodiment, sensor-level calibration is performed
prior to incorporation within a camera core, with a calibration
target represented by a high-emissivity and/or a low-emissiv 50
ity scene. In more general terms in accordance with one or
more embodiments, calibration methods and calibmtion sys
tems are disclosed for infrared devices, which may provide
certain advantages as compared to conventional infrared
55
device calibration techniques.
More specifically in accordance with one embodiment of
the present invention, a method ofobtaining calibration infor
mation for an infmred device includes providing a calibration
target adapted to provide a low-emissivity scene; perfonniug
a calibration operation on the infrared device to obtain the 60
calibration infonuation; and storir1g U1e calibration infonna
tion.
In accordance with another embodiment of the present
invention, a calibration target for calibrating an infrared
device includes a first surface adapted to provide a low 65
emissivity scene for the infrared device during calibration of
the infrared device.

BRJEF DESCRJPTION OF THE DRAWINGS
FIG. 1 shows a flowchart illustrating infrared camera
opemtion based on a calibmtion process in accordance with
an embodiment of the present invention.
FIG. 2 illustmtes a perspective view ofan infrared camera
core and associated hardware for securing within an environ
mental chamber in accordance with an embodiment of the
present invention.
FIG. 3 illustrates a perspective view of a portion of an
environmental chamber housing the infrared camera core of
FIG. 2 facing a blackbody.
FIG. 4 illustrates a graph showing an example ofa calibra
tion tempemture profile for obtair1ing calibration data fror:n
the infrared camem core in accordance with an embodiment
ofthe present invention.
FIG. 5 illustrates a graph showing an example oftempera
ture measurements made dtrring conventional calibration
testiug.
FIG. 6 illustrates a flowchart of a sensor-level calibration
process in accordance with an embodiment of the present
invention.
FIG. 7 illustrates a block diagram ofa sensor-level calibra
tion system in accordance with au embodiment ofthe present
invention.
FIG. 8 illustrates a diagram of an exemplary implementa
tion ofa portionofthe sensor-level calibration system ofFIG.
7 in accordance with an embodiment ofthe present invention.
FIG. 9a illustrates a diagram of an exemplary implernen
tation ofproduction pallet hardware for application with the
sensor-level calibration system of FIG. 7 in accordance with
an embodiment of the present invention.
FIG. 9b illustrates a diagram of an exemplary implemen
tation ofa portion of the production pallet hardware of FIG.
9a for application with the sensor-level calibration system of
FIG. 7 in accordance with an embodiment of the present
invention.
FIG. 9c illustrates a diagram of an exemplary implemen
tation of a portion of the sensor-level calibration system of
FIG. 7 in accordance with an embodiment of the present
invention.
FIG. 9d illustrates a diag.ram of an exemplary implemen
tation of the sensor-level calibmtion system of FIG. 7 in
accordance with an embodiment of the present invention.
FIG. 10 illustrates a diagram of an exemplary implemen
tation of a portion of the sensor-level calibration system of
FJG. 7 in accordance with an embodiment of the present
invention.
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FTG. ll illustrates a graph showinganexample oftempera
ture measurements made during sensor-level calibration test
ing in accordance with an embodiment of the present inven
tion.
Embodiments ofthe present invention and their advantages
are best understood by referring to the detailed description
that follows. It should be appreciated that like reference
numerals are used to identify like elements illustrated in one
or more ofthe figures.

calibration data, calibration tenus, NUC data, or calibration
maps) determined during a calibration procedure. The
memory may also be used to store data generated by infrared
device 110. The calibration information may include the on
chip calibmtion infom1ation (e.g., including offset and bias),
ofl'..chip calibration information (e.g., including temperature
compensation and gain maps), and/or header information
(e.g., tint or other various information).
The on-chip calibmtion information for infrared device
110 (e.g., a focal plane array (FPA) having a microbolometer
array and a read-out integrated circuit, such as within a sensor
vacuum package assembly (VPA)) is applied to infrared
device 110, with the on-chip calibration information includ
ing, for example, the on-chi p per-pixel bias infom1ation
(block 104), the on-chip global bias information (block 1 06),
and/or the header information (block 108). The image frame
information (blockl14) acquired with the on-chip calibration
information applied to infrared device 110 may be further
compensated with oiT-chip calibration information, including
olf-chip per-pixel tempemture compensation infonnation
(block 116, based on a measured temperature of infrared
device 110 (block 112)), an off-chip per-pixel gain correction
(block 120), and/or a nat-field offset correction (block 124,
measured during camera operation), wit h these oJJ-chip terms
app lied as illustrawd (e.g., mathematically via blocks ll8,
122, and 126). With the calibration information applied,
including the on-chip and/or off-chip calibration information,
a calibrated image frar:ne (block 128) may be produced.
In general, flowchart 100 depicts an exan1ple of an image
acquisition approach. such as during normal can1era opera
tion, which may be implemented within infrared device 110
(e.g., the camera core or a complete infrared camera system).
The on-cllip corrections are app lied to the infrared sensor
(e.g., the FPA) before the image is acquired, while off-chip
corrections are applied to the raw frame produced by the
infrared sensor. The calibration information (e.g., maps) for
both on-chip and off-chip corrections are generated during
the calibration process, as expla ined further herein in accor
dance with one or more embodiments, and stored (e.g., in
camera core flash memory or in other memory for eventual
transfer into the camera core memory) for later use during
normal camera operation.
Overall, the goal of the calibration process is to produce
calibration infom1ation (e.g., a complete set of on-chip and
off-chip maps). which allow the infrared device to accurately
render the scene being viewed while the camera is within a
specified range of operating temperatures. The efficacy of
calibration terms may be verified during a post-calibration
acceptance test procedure (ATP), which typically may be
performed within the same environmental chamber used for
calibration, as would be understood by one skilled in the art.
As an example in accordance with one or more embodi
ments ofthe present invention, the cali bration process may be
performed on an infrared device, such as a sensor vacuum
package assembly (sensor VPA). either before or after the
sensor VPA has been built into a camera core on the camera
manufacturing line. As an example for the camera core, the
camera core may include the sensor VPA and all associated
electronic components necessary to operate the sensor VPA.
As a specific example, electronic components may be
arranged on a power distribution board and/or on a video
processing board within the camera core. TI1e camera core
may also include an integral heat-sink, for passive thermal
managementofthe sensor VPA, and a lens. However inaccor
dance with an embodiment ofthe present invention, a partial
camera core-level calibration process may also be performed
without the lens (referred to herein as lens-less-core calibra
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DETAILED DESCRIPTION
As noted herein, infrared devices (e.g., any type ofinfrared
sensor or infrared camera, including long-wave infrared
imaging camems that use microbolometer arrays) genemlly
are calibrated before they can produce an accurate image of
the scene being viewed. Typically as an example, the calibra
tion process may produce per-pixel gain and offset maps (e.g.,
non-unifonnity correction (NUC) data) that are used to cor
rect for pixel nou-tmiformities associated with the infrared
device. The calibration process may also produce terms that
are used to compensate fbr differential changes in pixel
behavior over a range ofoperating temperatures, as would be
understood by one skilled in the art. When adequate calibra
tion terms are used by the infrared device, the image output
provided more accurately reflects the scene being viewed.
The calibration process may also ensure that the infrared
device more accurately renders the scene, even ifthe infrared
dev ice is exposed to changing enviromnental operating tem
peratures while not stabilizing the temperature ofthe infrared
device (e.g., the temperature ofthe infrared sensor is not held
constant).
TI1e calibration process may involve recording frame data
from the infrared device, such as for example an infrared
camera. over a range ofoperating temperamres (e.g.. ambient
temperatures). As an example, a conventional calibration pro
cess may be as described in U.S. Pat. Nos. 5.811 ,808, 6,028,
309, and 6,812,465 or in the 1998 Proceedings ofSPJE article
entitled "Improvements in Uncooled Systems Using Bias
Equalization," which are incorporated herein by reference in
their entirety.
The frame data acquired during the calibration process
may be used to generate calibration maps, which arc used to
correct for pixel non-unifonnities during camera operation.
As an example. the calibration maps may be classified as
"on-chip" tenns that are applied to the camera's infrared
sensor during data acquisition (e.g., during nom1al camera
operation to acqu ire infrared images), and "off-chip" correc
tions that are applied to the raw data aiter being acquired by
the infrared sensor.
As a specific example, FIG. 1 shows a flowchart 100 illus
trating infrared camera operation and application of calibm
tion iuformation (e.g., calibration data or calibration maps) to
an image frame during infrared camera operation in accor
dance with an embodiment of the present invention. The
calibration infonuation (e.g., NUC data) may be determined
during a calibration process, as discussed further herein for
oneor more embodiments, andstored in memory (block 102).
This calibration information may then be applied to the image
frame data during normal infrared camera operation. Block
102 may represent for some embodiments memory and asso
ciated camera electronics (e.g., processor, logic, and/or other
types of circuit elements for camera operation).
The memory may represent, for example, one or more
types of memory, such as non-volatile memory (e.g., flash
memory withi n the camera core) and/or volatile memory, to
store the calibration infonuation (e.g., also referred to as
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rion), such as with a low-emissivity calibration target as
explained further herein. The gain map (e.g., off-chip per
pixel gain correction noted in reference to FIG. 1) may not be
generated during lens-less-core calibration, but all other cali
bration tenus may be generated. The gain map may becreated
after the lens bas been mounted on the camera core by an
additional calibration process (referred to herein as au alter
nate lens calibration process).
During a camera core-level (also referred to herein as core
level) calibration process, as noted herein as an example,
frame data are acquired by the caruera core electronics. The
frame data may then be used to produce a set of calibnnion
maps, which may be stored within the camera core memory
for use during camera operation (e.g., as discussed in refer
ence to FIG. 1). Calibration frame data may beacqujred while
viewing a uniform-flux scene, which may be provided by a
conventional high-emissivity unifom1 blackbody. Alterna
tively as discussed further herein and in accordance with one
or more embodiments of the present invention, calibration
frame data may be acquired while viewing a uniform-flux
scene, which may be provided by a low-emissivity target
(e.g., a reflective calibr<~tion target, such as an infmred mirror
as with a gold-coated scene). For example for an embodi
ment, a camera core-level (but w ithout the lens or other opti
cal element included) calibration process may be performed
with a low-emissivity target using the techniques disclosed
herein. The frame data may be acquired at several ruscrete
operating temperatures (e.g., ambient temperatures) to pro
vide temperature compensation terms, with the calibration
process pedormed, for example, inside an environmental
chamber.
As an example, FIG. 2 illustmtes a perspective view ofan
infrared camera core 202 and associated hardware 204 for
securing within an environmental chamber 300 (a portion of
which is illustrated in FIG. 3). As an example, the camera
core-level calibration process may be performed after the
sensor VPA is built into camem core 202, with hardware 204
used to mount camera core 202 onto a rack 302 facing a
blackbody scene 304 (or alternatively a low-emissivity scene
in accordance withan embodiment, with a lens 206 removed).
A number of camera cores 202 and blackbody scenes 304
may be mounted inside enviroruucutal chamber 300, with
calibmtion data acquired at ruscrete temperatures within the
specified operating temperamre range (e.g., based on infrared
camera design specifications or other desired temperature
requirements). In general, camera core 202 and blackbody
scene 304 must both be at a constant tcmpemture (e.g., con
stant at the same temperatllre) during the acquisition of the
calibration data.
The discrete temperatures for acquiring calibration data
may represent a calibration tempemnm:: profile, which may
spa n a range ofopemting tcmpemtures. As an example, FIG.
4 illustrates a graph 400 showing an example ofa calibration
temperature profile (e.g.. based on specifications or specific
application requirements) for obtaining calibration data from
an infrared device (e.g., infrared camera core) in accordance
with an embodiment of the present invention. Graph 400
shows for a specific example a typical calibration profile,
which depicts desired ambient temperature values at each
data acquisition point for a ll of the individual discrete tem
peratures where calibn1tion data are acquired. As noted for the
above example, the camera core and the blackbody scene
must be at the same, constant temperature at each of the data
acquisition points. The calibration data acquired at each point
in the profile may be stored in the camera core's memory
(e.g., flash memory) for use during nom1a l infrared image

acquisition to produce an accurate image ofthe scene (e.g., as
discussed in reference to FIG. 1).
During data acquisition for a conventional calibration pro
cess using a blackbody scene, it may be difficult and time
conswuing to maintain the camem core and the blackbody
scene at a constant temperature, because no active tempera
ture control resides within the camera core. Thus, the calibra
tion process must wait for camera core temperature stabiliza
tion at eacb intennediatedata acquisition point, which may be
accomplished by setting theenvironmeutal cbamberset-point
to the desired temperature value and then wa iting for the
camera core and the blackbody scene to stabilize at the
desired temperature.
FIG. 5 illustrates a graph 500 showing an example of
temperature measurements made during calibration testing.
Specifically, graph 500 depicts temperature measurements
made during a typical core-level calibration nm, such as for
example per the calibration profile illustrated in graph 400
(FIG. 4). The environmental chamber process temperatltre
during tbe calibration mn is shown in the lower portion of
graph 500. As illustrated, the calibration nmlasts from a time
ofapproximately 16:40 through 02:45, with subsequent post
calibration ATP from a time ofapproximately 02:45 through
06:15 the following day. Thus, the calibration nm sequence
for this example requires greater than ten hours for comple
tion.
The data shown in the upper portion of graph 500 were
recorded with thermocouples (TC) mounted on several cam
era core heat-sinks and illustrate the differences between
heat-sink thermocouple temperatures and the environmental
chamber process temperature. As noted, camera core-level
calibration requires the camera core and the blackbody scene
to be at a constant and approximately equal temperatlu·c dur
ing the acquisition ofcalibration data. However, the measured
temperature data from the camera cores shown in graph 500
indicate marginal temperature stability (e.g., in the range of
2-4 DC) during data acquisition.
More specifically, because there is no active temperantre
control of the heat-sink or sensor YPA, temperature stabili
zationat each data acquisition point is typically accomplished
with convection from environmental chamber airflow,
coupled w ith conduction through the environmental chamber
infrastructure and camera core components. This conven
tional method has certaiu drawbacks. For example, them1al
stabilization of the sensor VPA is uncontrolled. so adequate
stabilization during data acquisition is difficult to achieve. As
another example, the cycle time of the core-level calibration
is quite long, making the process expensive from a manufac
turing point of view (e.g., the calibration profile shown in
FIG. 5 extends from4:35 PM through 2:45AM the following
day, a total ofmore than 10 hours for this example). Further
more, the data of graph 500 iliLL~trates that temperature sta
bilization ofthe Sensor VPAs of the camem cores at each data
acquisition point may be marginal.
For camera core-level calibration using the blackbody
scene, the requ irement for tempemntre stabilization at each
data acquisition poiut is in direct conflict with the desire to
reduce overall calibration cycle time and increase manufac
turing production volume. For example, improved tempera
ture stability may require longer soak times at each interme
diate temperature, but this leads to inordinately long
calibration nms, while reducing the cycle time by limiting
soak times at each stabilization point may produce inferior
calibration data.
Incontrast to conventional approaches using a camera core
and a blackbody scene, sensor-level calibration techniques
are disclosed in accordance with one or moreembodiments of
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the present invention. TilE: sensor-level calibration process
may improve calibration data quality (e.g., improved tem
perawre stabilization) a11d/or improve manufacturing effi
ciency (e.g., reduced cycle time) relative to some conven
tioual approaches.
As a speci fie example, the sensor-level calibrJtiou process
may produce calibration maps before the infrared sensor is
built into a camera core and may provide certain advantages
over conventional camera core-level calibration approaches.
As an example, FIG. 6 illustrates a flowchart 600 ofa sensorlevel calibration process 604 in accordance with an embodi
ment of the present invention.
In general, flowchart 600 may be viewed as a generic
process flow for infrared sensor calibration, wi th for example,
a sensor VPA 602 beiug the onl y camera core component that
is subjected to the generic calibration process. Additionally,
the generic process flow of flowchart 600 may utilize data
from prior infrared sensor test results (e.g., sensor test data
608), such as gain map data and bad-pixel map data, as would
be understood by one skilled in the art. The output ofsensorlevel calibration process 604 is a data file 606 (i.e., file), which
may be stored in electronic format until sensor VPA 602 is
built into camera core 202. When camera core 202 is built, for
example, datu file 606 corresponding to sensor VPA 602 muy
be uploaded into memory of camera core 202. Furtbem1ore
for example, once a lens 206 is in place, a gain map may be
produced in a separate gain calibration 610 process. Camera
core 202 may then be subjected to ATP 612.
ln accordance with an embodiment of the present inven
tion. sensor-level calibration process 604 may be performed,
as discussed further herein, using the same set ofelectronics
that are to be shipped with camera core 202. Furthermore, the
same electronics used to calibrate sensor VPA 602 may also
be used duringATP 612. A ltematively in accordance with an
embodiment ofthe present invention. test results indicate that
sensor VPA 602 may be calibrated with one set of test elec
tronics, while sensor VPA 602 may be incorporated into cam
era core 202 with a differeut set of electronics, and camera
core 202 performance may be comparable to conventional
camera core-level calibration. Thus, perfonning sensor-level
calibration process 604 with one set of test electronics and
imaging with sensor VPA 602 within camera core 202 having
camera electronics different than the test electronics may not
significantly degrade camera perfom1ance (e.g., depending
upon the desired application and camera requirements).
Specifically in accordance with one or more embodiments,
sensor-level calibration process 604 (also referred to herein as
the "sensor Calibration" Process) may produce a set of cali
bration maps (e.g., calibration information represented by
data file 606. but without gain maps) before sensor VPA 602
is built into camera core 202. As an example, data file 606
(sensor calibration maps) may be stored in a NUC file in
electronic format (e.g., an electronic file written to a hard disk
of a computer). After sensor-level calibration process 604,
when sensor VPA 602 is built into camera core 202, data file
606 correspondir1g to the particular sensor VPA 602 is loaded
into memory of camera core 202 (e.g., the camera's flash
memory at the location designated for calibration maps). Por
example, data file 606 may be loaded into the memory of
camera core 202 via a serial transfer from the hard disk file of
the computer. Once lens 206 is attached to camera core 202
(e.g., as camerJ core 202 is being built), gain calibration 610
may be performed, with the resulting gain map added to the
memory ofcamera core 202 (e.g., the camera's flash memory
to complete the required complement ofcalibration maps for
the particular camera core 202 with seusor VPA 602 and lens
206).

Gain cali bration 610 may be accomplished, in accordance
with au embodiment ofthe present invention, via an alternate
lens calibration process, which may also be used generically
for various lens-less camera core products. For exan1ple in
accordru1ce with an embodiment, gain calibration 610 may
measure gain at only a single temperatllre, which may be
sufficient over the entire operating temperature range of the
camera (e.g., camera core 202). Thus, for example, gain cali
bration 610 may be performed at room temperature, and the
resulting gain map added to the memory of camera core 202
to complete tl1e required complement of calibration maps.
Alternatively in accordance with an embodiment, gain cali
bration 610 may be perfom1ed at a number of discrete oper
ating temperatures in an environmental chamber (e.g., using
camera core 202 and hardware 2 04), as in a "gain-only"
calibration process.
Flowchart 600 aud geuerally sensor-level cal ibration pro
cess 604 may provide certain advantages over conventional
manufacturing processes. Por example, a production-level
sensor calibration system may minimize the batch-process
calibration cycle time for the specified operating temperature
range (e.g., -40° C. to +80° C.) and/or may im prove the
temperature stability ofthe sensor VPA and calibratiou target
during data acquisitiou at each discrete temperature desig
nated in the calibration profile.
For example in accordance with au embodiment, sensorlevel calibration process 604 may iucludeactively controlling
the temperature of each sensor VPA 602 withi n the ambient
conditions provided by the environmental chamber. Because
active temperature control may be used, there is no need to
soak the sensor VPA 602 at each data acquisition point, and
the resultiug calibration cycle time may be s ig11ificantly
shortened. Furtl1ennore, active temperature control may limit
the temperature drift of the sensor VPA 602. resulting in
improved temperature stability of sensor VPA 602 during
data acquisition. Thus, sensor-level calibration process 604
using active temperature control may overcome certain issues
with conventional camera core-level calibration by providing
reduced cycle time while at the same time improving tem
perature stability.
In general, faster slewing rates and stabilization times may
significantly reduce the overall calibration cycle time, saving
time and reducing manufacturing costs. Active temperatlrre
control is possible with sensor-level calibration, because sen
sor VPA 602 is not surrounded by other camera core compo
nents, allowing a temperature control mechanism (e.g., a
them1o-electric cooler (TEC)) to be placed in close physical
contact with sensor VPA 602. For conventional approaches,
active temperature control during camera core-level calibra
tion would be much more difficult, because the camera core
prevents placement of a temperature control dev ice in c lose
contact with the sensor VPA.
The calibration target for sensor-level calibration process
604 may be the conventional blackbody (i.e .. blackbody
scene, representir1g a high-emissivity w:tilomJ blackbody
calibration target). Alternatively in accordance with one or
more embodiments, the calibration target for sensor-level
calibration process 604 may be made ofa low-emissivity (i.e.,
reflective) material, so that its temperature does not need to be
controlled. Th us, the low-emissivity calibration target may
simply reflect the temperature of sensor VPA 602 (e.g., the
focal plane array temperature) back onto itself, the techllique
ofwhich may be referred to or viewed as a ''narcissus cali
bration" in reference to the generally undesirable effect of
reflective materials linir1g the optical path ofan infrared cam
era.
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111is "narcissus" approach generally satisfies calibrat ion
theory that requires the calibration scene (the calibration tar
get) and the sensor VPA (e.g., the focal plane array) to be at a
constant temperature during data acquisition. For example for
an embodiment, the sensor VPA (e.g.• the focal plane array
(FPA)) is at a constant temperature because the sensor VPA is
tempera111re controlled; and so, the reflection of the sensor
VPA (e.g., the FPA) is also ata constant tempera111re. Thus for
example for one or more embodiments, the use of the low
emissivity calibration target may allow a less-complex and
lower-cost calibration system design (i.e., low-emissivity
calibration targets do not require temperature control), while
the use ofthe conventional high-emissivity scene (e.g., black
body) would require additional temperature control apparat11s
to keep the high-emissivity calibration target at a constant
tempera111re (the same temperature as the sensor VPA) during
data acquisition at one or more discrete temperatures accord
ing to the calibration profile.
Sensor-level calibration process 604, in addi tion to possi
bly a reduced calibration time coupled with better tempera
ture stability, may also transfer the production yield detenni
nation due to calibration errors to an earlier poim along the
manufacturing production line, relative to some conventional
approaches. For example in accordance with one or more
embodiments, sensor-level calibration process 604 may
include standard tests that measure the effectiveness of the
calibration maps (e.g., stored as data file 606). Thus, ifsensor
VPA 602 does not meet the performauce criteria for these
standard tests, then sensor VPA 602 would not be built into
camera core 202. In contrast for a conventional camera core
level approach, sensor calibration effectiveness is not mea
sured until after the sensor VPA has been built into a camera
core. If the sensor VPA fa ils certain tests, then camera core
may be re-calibrated, and under certain circumstances, cam
era core may need to be disassembled and the sensor VPA
replaced, which is costly and time consuming. Thus, sensor
level calibration process 604 may reduce the proportion of
camera cores 202 requiring rc-calibmtion or sensor VPA 602
replacement by identifying some portion of calibration errors
or defects prior to building sensor VPA 602 into camera core
202.
Sensor-level calibration process 604 may provide addi
tional advantages. For example, sensor-level calibration pro
cess 604, because the calibration is perfom1ed at the sensor
VPA level, may allow sensor VPA 602 to be built into any
camera core model. The only camera core model-specific
calibnltion infonnation is gain calibration 610 (e.g., gain
map), which may be perfom1ed in a sepamte step once sensor
VPA 602 is incorporated into the desired camera core. Thus
for sensor-level calibration process 604, creating calibration
maps, other than gain, may be viewed as a generic process,
which may allow addit ional sales possibilities (e.g., iufrared
sensor-only sales, with the customer receiving the sensor
VPA and an associated calibration file (e.g., data file 606)).
Although it may be possible to sell a sensor VPA without a
calibrati on fi le, seusor-level calibration process 604 allows
sensor-only sales, without requiring the customers to under
stand sensitive or complex details with respect to the calibra
tion process.
FIG. 7 illustrates a block diagram ofa sensor-level calibra
tion system 700 in accorda nce with an embodiment of the
present invention. In generdl, sensor-level calibrat ion system
700 depicts an example of a sensor calibration system data
connectivity architecmre. An envirolllllental chamber 718
(e.g., similar to envirolllllental chamber 300 or an environ
mental chamber as discussed further herein) may provide a
gross environmental temperature control, as well as isolation

from humidity, while fine temperdture stabilization for each
sensor VPA 602 at data acquisition points may be provided by
a corresponding TEC (thermo-electric cooler) 722. Environ
mental chamber 718 aud TECs 722 may be controlled by a
computer 702 (e.g., a host personal computer (PC)) numing
one or more desired calibration test applications 704, as
would be understood by oneskilled in the art. Calibratiou data
are acquired by computer 702 through a standard set ofcam
era electronics 710, which are mounted on a test board 708
that provides data connectivity to computer 702 (e.g., via
Ethemet). A calibration target 724 may be provided by a
low-emissivity scene (e.g., a gold scene such as a surface
plated with gold) mounted near and assoc iated with each
sensor VPA 602. For example, calibration target 724 may
represent a low-emissivity target (e.g., having a flat or
rounded stuface) and made ofa suitable reflective material or
coated with a suitable reflective material (e.g., gold).
Specifically, sensor-level calibration system 700 provides
an example of a production syste1u to support sensor-level
calibration process 604 in accordance with anembodiment of
the present invention. A temperature ofsensor VPA 602 being
calibrated may be controlled by T EC 724, while a high
emissivity or low-emissivity scene may be located appropri
ately and assoc iated with sensor VPA 602 to provide a uni 
form flux field during data acquisition. SensorVPA 602 may
be connected to a standard set ofcamera electronics 710 via a
driver board 720, which drives the signals between sensor
VPA 602 and the remote set ofcamera electronics 710 (e.g.,
outside of envirolllllental chamber 718).
For example, camera electronics 710 may provide bias
voltages to sensor VPA 602, as well as all serial commands
required for sensor VPA 602 operation. Camem electronics
710 may also receive se.rial and frame data from sensor VPA
602. As a specific example, camera electronics 710 may be
mounted on test board 708 that provides an Ethernet interlace
to computer 702 (e.g., via local area network (LAN) switch
706). This architecture may allow computer 702 using cali
bration test applications 704 to control sensor VPA 602 and
receive frame data that may be required for calibration (e.g..
generate data file 606). Comptlter 702 using calibration test
app lications 704 may also control environmental chamber
718 (e.g., via LAN switch 706, serial device servers 712, and
a chamber controller 716) and control temperatures ofTECs
722 (e.g., via LAN switch 706. serial device servers 712. and
TEC controllers 714) to implement desired calibration tem
perature profiles.
FIGS. 8 through 10 illustmte specific implementation
examples for various portions ofsensor-level calibration sys
tem 700. while FIG. 11 illustrates an example of a sensor
level calibration temperal1lre profile performance using sen
sor-level calibration system 700. Specifically, FIG. 8
illustrates a cliagram of an exernplary implementation of a
cross-section with expanded view of sensor VPA 602 with
associated calibration target 724 (e.g., low-emissivity scene
for this example) and T EC 722 for sensor-level calibration
system 700 iu accordance with an embodiment of the present
invention. Calibration target 724 provides a low-emissivity
scene and may be positioned above sensor VPA 602 to pro
vide a unifonn flux field (e.g., to the detector array ofsensor
VPA 602). T EC 722 may be positioned below sensor VPA
602 to stabilize sensor VPA 602 temperature (e.g., fine tem
peranrre stabilization and active temperature control) during
data acquisition. TEC 722 may be mounted on a heat sink 802
to provide sufficient heat transfer, while enviroUIDental cham
ber 718 may further provide heat transfer through convection
(e.g., via fans 902 as shown in FIGS. 9a and 9c) using air in
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environmental chamber 718, which may allow continuous
TEC 722 operation and may further provide optimal tempera
ture control condjtions.
As fhrther illustrated in FIG. 8, various thermal contacts
and thennal isolation may be provided to f1.1.rther aid in pro
viding temperature control, as would be understood by one
skilled in the art. For example, a thermal pad (e.g., a thermal
contact 814) between TEC 722 and sensor VPA 602 may
provide enhanced thermal conductivity between T EC 722
and sensor VPA 602.
As shown in FIG. 8 and further illustrated in FIGS. 9a-9c,
sensor VPAs 602 may be positioned with TECs 722 using a
production pallet 804 (e.g., a 30-up sensor VPA production
pallet). Production pallet 804 may ensure that pins 603 of
sensor VPA 602 contact various mounting pins on sensor
calibration tooling 808 to make a good electrical contact with
driver boards 720 (e.g.. via various connectors as further
illustrated ill FIG. 10) that connect sensor VPAs 602 to cam
era electronics 710 and test board 708. Production pallet804
may be designe-d to thermally isolate sensor VPAs 602 from
the pallet structure and sensor calibration tooling 808, mini
mize sensor VPA 602 heat-load, and make it easier for TECs
722 to control the temperature of sensor VPA 602. Further
more, connectors 810 (e.g., shoulder screws with optional
spriugs) may be used to couple (or float) heat sink 802 relative
to sensor calibration toolillg 808 to provide additional ther
mal isolation. As another example, forced air may be routed
via channels 910 to blow on heat sink 802 (e.g., the fins ofheat
sink 802) to provide a baseline temperature for TEC 722 to
control against and assist in providing temperature controL
Production pallet 804 may include a keeper plate 805,
which may help to secure and align sensor VPAs 602 onto the
pallet stmcture and sensor calibrdtion tooliug 808 during the
calibration process. Sensor calibration tooling 808, whicb
may include associated hardware for supporting production
pallet 804 within environmental chamber 718, may further
include lifts 904 (e.g., pneumatic lifts/actuators) to move
production pallet 804 down to properly mate sensor VPAs
602 (including pins 603) with various associated sensor cali
bration system elements (e.g.. TECs 722 and driver boards
720).
In addition to production pallet 804 being mounted onto
sensor calibration tooling 808 (e.g., generally the tooling and
support structure within envi ronment<~ I chamber 718), a tar
get pallet 806 providillg an array of calibration targets 724
(e.g., low-emissivity scenes, such as gold scenes as illustrated
in FIG. 9b) may be positioned relative to (e.g., mounted upon)
production pallet 804. Productiou pallet 804, target pallet
806, and sensor calibration tooling 808 along with associated
hardware may be positioned within environmental chamber
718 (e.g., as illustrated in FIG. 9c) to perform calibration
testing for sensor VPAs 602.
Various cabling may be provided to couple sensor VPAs
602 to computer 702. For example. ribbon cables 906 may be
provided within environmental chamber 718 to couple with
ribbon cables 908 outside of environmental chamber 718
(e.g., via a feed through cable 1002) as illustrated in FIGS. 9c,
9d, and 10. Furthermore, FIG. 9d illustrates an external view
of a complete test system, such as for example sensor-level
calibration system 700. with a system 920 representing for
example enviroJUnental chamber 718 (e.g., to contain seusor
VPAs 602 and various components discussed in reference to
FIGS. 7-9c and 10) and with a system 930 representing for
examplecomputer702 and associated support hardware (e.g.,
LAN switch 706, serial device servers 712, TEC controllers
714, chamber controller716, and/or test e lectronics 708 with
camera electronics 71 0).

FIG. l J illustrates a graph 1100 showing an example of a
calibration temperat-ure profile and temperan1re measure
ments made during sensor-level calibration testing (e.g., with
sensor-level calibration system 700) in accordance with an
embodiment of the present inveution. Spe-cifically, graph
1100 depicts temperat11re measllfements made during a typi
cal calibration run, such as for example per the calibration
profile illustrated ill graph 400 (FIG. 4). As shown in graph
1100, the production system cycle time(calibration run) may
be perfonned in approximately two hours, whicb represents a
significant improvement over conventional camera core-level
convection calibration techniques (e.g., calibration mn
requiring more than ten hours). Furthermore, in addition to
significa ntly reducing the calibration nmtime required (e.g.,
approximately two hours), temperature stabilizatiou at each
data acquisition poillt has also been improved (e.g., to
approximately 0.2° C. as compared to a range of2-4 DC for
a conventional camera core-level convection calibration tech
nique).
As discusse-d herein. conventioual infrared camera calibra
tion systems use high emissivity "blackbody" targets that
provide a spatially uniform temperature scene durillg data
acquisition and provide a coustant radiant flux over the sensor
array for the culibration process. lfthe scene is uniform, then
tbe photon flux at each infrart--d sensor (e.g., each microbo
lometer element in the array) is approximately equivalent
(e.g., within noise margins). Under these conditions, thecam
era (e.g., infrared device) would be expected to produce a
spatially tmifonn image, with a goal o f the calibration process
being to force the camera to produce a uniform linage when
viewing a uniform " blackbody" scene. A requirement for this
calibration approach is that the target scene (blackbody), the
infrared sensor (e.g., foca l plane array), and the optical ele
ments must all be at approximately the same temperat11re
during data acquisition. with the temperature of all compo
nents remaining constant. For example, if one or more ele
ments of the optical system were at a different temperan1re,
then stmy energy would skew the flux across the infrared
sensor (e.g., microbolometer array) and negatively impact
calibration quality.
In contrast ill accordance with one or more embodiments
for the sensor-level calibration process, there are no optical
elements, so only the target scene and the infrared device
(e.g., foca l plane array) must be held at a constant tempera
ture. Consequently, a low-emissivity target scene may replace
the uniform blackbody scene, with the reflective target (low
emissivity) generally serving the same purpose as a black
body (high emjssivity) in that it provides a uniform ftux scene
ill front of the infrared sensor (e.g., infrared sensor array).
A conventional infrared camera calibration system may
perform responsivity measurements at several steps during
the calibration sequence, such as for gain calibration. For
example, gain cali bration may be perfom1ed at the tempera
ture midpoint ofeachNUC table, with the camera electronics
calculating a gainforeach pixel after viewing the ambient and
bot blackbodies (e.g., two blackbodies at different tempera
tures, such as with one heated to an elevated temperatL~.re).
This gain map may then be stored i11the NUC table during the
calibration process.
For sensor-level calibrated cameras ill accordance with one
or more embodiments, generation ofthe gain map may occur
as a separate step after calibmtion. For example, the gain
maps may be created dtuingATP. Specifically as an example,
a sensor-level calibrated vacuum package (e.g., sensor VPA
602) may be built into a camera, with the camera then sub
jected to ATP to detenuine confonnauce to camera speci fica
tions aud with gain maps generated in the environmental
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chamber prior to ATP (e.g., as discussed in reference to flow
chart 600). This approach may necessitate a modified tem
perature cycle during ATP, depending upon the temperature
profiles (e.g.. the gain maps may be generated at the mid
pointofeach temperature table, wbileATPdata is acquired at
3 degrees below tbe high-temperature point ofeach tempera
ture table).

What is claimed is:
1. A calibration target for calibrating an infrared device, the
calibration target comprising:
a first surface adapted to provide a low -emissivity scene for
the infmred device during calibration of the infrared
device; and
wherein the cali brat ion target is one of a plurc~lity of cali
bration targets on a target pallet for calibrating a corre
sponding plurality of the infrared devices.
2. The calibration target ofclaim 1, wherein the first surface
ofthe calibration target comprises a coating made of gold.
3. The calibration target ofclaim 1, wherein the calibration
target provides a uniform nux scene during calibration ofthe
infrared device.
4. The calibration target ofclaim 1, wherein the calibration
target comprises an infrared mirror.
5. The calibration target of claim l , wherein the infrared
device is an infrared camera core without a lens.
6. The calibration target of claim l , wherein the infrared
device is an infrared detector vacuum package assembly.
7 . A method of obtaining calibration information for an
infrared device, the method comprising:
providing a calibration target adapted to provide a low
emissivity scene, wherein the calibration target is one of
a number ofcalibration targets on a target pallet within
an environmental chamber:
performing a calibration operation ondle infrared device to
obtain the calibration information, wherein the infrared
dev ice is one of a number of the infrared devices on a
production pallet w itl1in the environmental chamber;
controlling a temperantre ofdle infrared device during the
calibration operation; and
storing the calibration information.
8. l11e method ofclaim 7, wherein the infrared device is a
vacuw11 package assembly havi ng an array of microbolom
eters, and where in the vacuum package assembly is not
within an infrared camera core.
9. The method of claim 7, wherein the calibration target
provides a reflective surface made ofgold.
10. The method of claim 7 , wherein the infrared device is
an infrared camera core without a lens.
11. The method ofclaim 10, further comprising:
coupling a lens to the infrared camera core;
performing a gain calibration operation to obtain gain ca li
brat ion information for the infrared camera core with the
lens; and
storing the gain calibration information with the calibra
tion information.
12. The method ofclaim 11, :furdler comprising perform
ing au acceptance test procedure on the iufrared camera core
witJJ the lens.
13. An infrared device system comprising the infrared
device. which comprises the infrared camera core with the
lens, and a memory within the infmred camera core and
containing the associated calibration information, wherein
the calibration infonn ation is produced according to the
method of claim 12.
14. An infrared device system comprising the infrared
device, wllich comprises tl1e infrared camera core w ithout a
lens, and a memory withi n the infmred camerd core and
containing the associated calibration information, wherein
the calibration information is prod11ced according to the
method of claim 10.
15. The method of claim 7, wherein the controlling a tem
perature of the infrared device comprises contro lling a tem

In accordance with one or more embodiments of the
present invention, an altemative lens calibration process may
be performed prior to ATP. For example, a synthetic gain map
may be created during the sensor-level calibration process
and then loaded iuto the camera when the camera is built. The
alternative lens calibration process may then be used to gen
erate the final gain maps prior to ATP. For this example, no
additional temperature cycle may be required prior to ATP
(e.g., a synthetic gain map along with the alternative lens
calibration process may create valid gain maps in sensor-level
calibrated cameras).
Systems and methods are disclosed herein to provide cah
brationtechn.iques and manufacturing teclmiques for infrared
cameras. In general, infrared devices (e.g., infrared cameras,
such as long-wave infrared cameras) may reqt1ire calibration
to produce an accurate image of the scene. The calibration
process creates maps d1at may be used to correct pixel non
uniformities and to compensate for differential changes in
pixel behavior over a range ofoperati ng temperatures for the
infrared sensor. For a conventional calibrat ion process, cali
bration maps are generated while the camera core views a
uniform blackbody scene.
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In contrast inaccordance with oneormore embodiments of
d1e present invention, a calibration process is disclosed that
allows the infrared sensor (e.g., sensor array or seusor pack
35
age) to be calibnlted before the infrared sensor is built into a
camera core. For example for some embodiments. the sensor
packages (e.g., sensor VPAs) may be exposed to a uniform
flux field that may be generated with eidler a high-emissivity
target or a low-emissivity target. The sensor package is mn 40
through a calibration temperature profile wh ile vit.'Wing the
target, with non-uJlifomlity maps recorded at a munber of
intermediate temperatures.l11ecalibratiou maps correspoud
ing to each specific sensor package may then be loaded into
d1e camera core when the core is being built.
45
This sensor-level calibration process may have certain dis
tinct advantages over the current camera core-level process.
For example during calibnltion, the temperature slewing rate
over the required range of operating temperatures may be
50
greatly increased, reducing the overall calibration cycle time
and lowering production cost. As another example, the sensor
calibration approach may al low screening ofdefective sensor
packages before they are built into cores, fi.JTdler reducing
production line costs by moving up the sensor yield hit deter 55
mination. As a further example, another advantage of the
sensor-level calibration process is that the sensor may be built
into any camera core model and, thus, calibration of the
sensor becomes a generic process, which may create a poten
tial new market for sensor package sales without requiring 60
sensor-only customers to understand complex details of the
calibration process.
Embodiments described above illustrate but do not limit
the invention. lt should also be understood that numerous
modifications and variations are possible in accordance with
the principles ofthe present invention. Accordingly, the scope
of the invention is defined only by the following claims.
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perature ofthe in fr<:~.red device over a muu her of temperature
values during the calibration operation with a thermo-electric
cooler.
16. The method ofc laim 15. wherein the infrared device is
not within an infrared camera core and is without a lens, and
wherein the calibration information comprises offset and bias
values.
17. The method ofclaim 7. wherein the perfonning of the
calibration operation further comprises:
driving image frame data received from the infrared
devices within the environmental chamber to test elec
tronics located outside of the environmental chamber;
and
determining the calibration information based on the
image frame data.
18. The method of claim 7 , further comprising:
coupling the target pallet to the production pallet to align
the calibration targets to the infrared devices; and
coupling the infrared devices to a test system located out
side of the enviroumental chamber, w herein the test
system determines the calibration infom1ation for the
corresponding infrared devices based on image frame
data received from the infrared devices.
19. An infrared device system comprising the infrared
device, which comprises an i1tfrared sensor vacuum package
assembly not within an infrared camera core, and a memory
containing the calibration information associated with the
infrared sensor vacuum package assembly, wherein the cali
bration information is produced according to the method of
claim 7.
20. A calibration test system comprising:
au environmental chamber;
a target array, within t11e environmental chamber. having a
plurality oflow-emissivity calibration targets;
a production rack, within the environmental chamber,
adapted to hold a plurality ofinfrared devices adjacentto
the target array; and
a computer system, outside ofthe environmental chamber,
adapted to control the infrared devices and the environ
mental chamber to generate calibration information for
the infrared dev ices.

21. The calibration test system ofclaim 20, wherein each of
the low-emissivity calibration targets provides a reflective
surface made of gold.
22. The calibration test system ofclaim 20, wherein each of
the infrared devices comprises an infrared sensor vacuum
package assembly.
23. The calibration test system ofclaim 20, wherein each of
the infrared devices comprises an infrared camera core with
out a lens.
24. The calibration test systetn of cla im 23, wherein the
production rack is configuredto couple to the target array, and
wherein the computer system is coufigured to receive in~for
mation from the infrared devices to generate the calibration
information.
25. The calibration test system of claim 24, further com
prising:
test electronics disposed outside of the environmental
chamber and adapted to be in communication with the
computer system: and
driver boards, within the enviromuental chamber, adapted
to couple to the infrared devices and transfer the infor
mation between the test electronics and the infrared
devices.
26. The calibration test system of claim 25, further com
prising thcnuo-electric coolers adapted to couple to the infra
red devices to actively control a temperature of the infrared
devices. and wherein the computer system is adapted to
receive the information from the test electronics to generate
the calibration infonnation and is further adapted to control a
temperature within the environmental chat:nber and to control
a temperature of the infrared devices via the thermo-electric
coolers to perfonn a calibration temperature profile for the
infrared devices.
27. T he calibration test system of claim 26, wherein the
information comprises infrared image data, and wherein the
calibration information comprises offset and bias values.
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